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RESUMEN
Las pruebas experimentales de La eliminación de com-
puestos NOx se realizaron en dos reactores de  descarga 
de barrera dieléctrica (DBD).  Se estudiaron dos geome-
trías diferentes de estos reactores, uno circular de 11,94 
cm de diámetro, y otro rectangular de 16x7 cm, ambos 
con una separación de 2.5 mm  y 28.0 cm3 de volumen 
de reacción. Una mezcla de gas compuesta por 1.0  l/m 
de nitrógeno molecular fue inyectada a cada reactor junto 
con un flujo adicional que proporcionaba una concentra-
ción de 90 ppm de NO a las dos celdas. La mezcla del gas 
fue tratada con plasma no térmico generado por descarga 
de barrera dieléctrica a diversos potenciales de trabajo y 
a una frecuencia de 1.75 kHz. Los productos resultantes 
fueron identificados por medio de un analizador de gas 
Sensonic 2000. De acuerdo con los resultados experi-
mentales, se detectó una mayor eficacia de eliminación 
en el reactor  rectangular que en el circular. Esto puede 
atribuirse tanto al tiempo de residencia debido a efectos 
geométricos y a un factor relacionado con los mecanis-
mos de reacción química, ya que se ha demostrado que, a 
potencias más elevadas, la eficacia de la eliminación dis-
minuye debido a la regeneración del NO por mecanismo 
cinético inverso.  Nuestro modelo cinético demuestra que 
el producto principal de la reacción era N2O en presencia 
de una atmósfera reductora.
Palabras clave: Descarga de barrera dieléctrica; plasma 
frío;  plasma no-térmico (NTP);  Descarga silenciosa, plas-
ma de no-equilibrio
ABSTRACT
Experimental tests of the removal of NOx compounds 
were carried out in two dielectric barrier discharge cells 
(DBD) reactors. Two different geometries of these reactor 
were studied, one circular 11.94 cm diameter, and another 
rectangular, 16x7 cm, both 2.5 mm gap and 28.0 cm3   re-
action volume. A gas mixture composed of 1.0 l/m of mo-
lecular nitrogen was injected to each reactor along with an 
additional flow that provided a concentration of 90 ppm of 
NO in both cells. The gas mixture was treated with non – 
thermal plasma generated by dielectric barrier discharge 
at different working potentials and at a 1.75 kHz frequency. 
The residual products were identified by means of a Sen-
sonic 2000 gas analyzer. According to the experimental 
results, it was identified a greater removal efficiency in the 
rectangular cell than in the circular one. This might be at-
tributed both to residence time due to geometric effects 
and to a factor related with the chemical reaction mecha-
nisms, since it has been showed that, at greater powers, 
the removal efficiency diminishes due to the regeneration 
of NO by inverse kinetic mechanisms. Our kinetic model 
proves that the main reaction product was N2O in the pres-
ence of a reducing atmosphere.
Keywords: Dielectric Barrier Discharge; cold plasma; non-
thermal plasma (NTP); Silent Discharge, Nonequilibrium 
plasma
RESUM
Les proves experimentals de l’eliminació de compostos 
NOx es van realitzar en dos reactors de  descàrrega de 
barrera dielèctrica (DBD).  Es van estudiar dues geometri-
es diferents d’aquests reactors, un circular d’11,94 cm de 
diàmetre, i un altre rectangular de 16x7 cm, tots dos amb 
una separació de 2.5 mm i 28.0 cm3 de volum de reac-
ció. Una barreja de gas formada per 1.0  l/m de nitrogen 
molecular es va injectar a cada reactor juntament amb un 
flux addicional que proporcionava una concentració de 90 
ppm de NO a les dues cel·les. La barreja del gas va ser 
tractada amb plasma no tèrmic generat per descàrrega 
de barrera dielèctrica a diversos potencials de treball i a 
una freqüència d’1.75 kHz. Els productes resultants van 
ser identificats per mitjà d’un analitzador de gas Senso-
nic 2000. D’acord amb els resultats experimentals, es va 
detectar una eficàcia d’eliminació més elevada en el re-
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actor  rectangular que en el circular. Això pot atribuir-se 
tant al temps de residència a causa d’efectes geomètrics 
com a un factor relacionat amb els mecanismes de reac-
ció química, ja que s’ha demostrat que, a potències més 
elevades, l’eficàcia de l’eliminació disminueix a causa de 
la regeneració de NO per un mecanisme cinètic invers.  El 
nostre model cinètic demostra que el producte principal 
de la reacció es N2O en presència d’una atmosfera reduc-
tora.
Paraules clau: Descàrrega de barrera dielèctrica; plas-
ma fred; plasma no-tèrmic (NTP);  Descàrrega silenciosa, 
plasma de no-equilibri.
1.- INTRODUCTION
Recent applications of non-thermal plasma (NTP) in pro-
cesses of decontamination of gas flows are a new promis-
ing technique. The main characteristic of these degrada-
tion processes lies in not increasing the temperature of the 
gas[1] while boosting its removal efficiency to values above 
99% without generating polluting by-products. 
The cold plasma generated by means of dielectric barrier 
discharge, is carried out by a collection of short lived fila-
ments or  “streamers” distributed at random on the dielec-
tric surface. It`s into the “streamers” that the plasma gen-
eration process is made because each channel of excited 
gas molecules contains very reactive species such as high 
energy electrons and free radicals[2], that interact with the 
gas molecules resulting as the process of decomposition 
of the polluting molecules through diverse reaction mech-
anisms. The generation of the free radicals is very impor-
tant since the recombination of compounds of the type 
NO’x to low concentrations[3, 4, 5].
Figure 1.- Dielectric barrier discharge
We used a lacking oxygen gas mixture system except for 
that removed from the molecule of NO. Such an atmo-
sphere is totally reducing and allows the NO to recombine 
in its molecular components, N2 and O2.
NO removal experiences have been developed in gas 
flows as a dielectric barrier discharge (DBD) application. 
The design will be presented at the experimental part. The 
main objective to use two cell configurations it was to de-
termine which offers the best removal efficiencies and the 
way in which it can taken better advantage during pro-
cesses of decomposition of NO’x compounds .
2. EXPERIMENTAL SETUP
The NO chemical reduction was made using N2 as a carrier 
gas. The initial concentration of NO was varied between 85 
and 95 ppm with a total gas flow of 1.0 l/min. The  experi-
mental diagram is presented in figure 2. The gas mixture 
was directly introduced to the reactor. The initial concen-
tration and that at the end were measured with a Sensonic 
2000 gas analyzer. 
Two types of reactor geometry were tested: one rectangu-
lar and a circular. Both geometries follow a flat configura-
tion of parallel electrodes. 
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Figure 2 .- Gas supply system experimental set up
In the circular geometry (fig 3) the diameter was 11.94 cm 
and the gas gap 2.5 mm. 
Figure 3 .-  Metal -  water circular DBD cell
The reaction volume in it was 28 cm3 The rectangular ge-
ometry dimensions were 16 cm x 7cm, 2,5 mm gas gap 
and a reaction volume of 28 cm3 too. The power was pro-
vided by a high voltage transformer which is fed by half-
bridge high frequency inverter[6,7]. 
The electric diagnostics in the plasma generator was per-
formed by a Tektronics oscilloscope TDS 2014. The volt-
age in the dielectric barrier discharge was measured with a 
high voltage P601A probe from tektronics while the current 
in the discharge was gauged using a 0.1–1.0 W, 1.0V/A, 
transformer from Pearson Electronics.
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The experimental power in the cell during a dielectric 
barrier discharge cycle was calculated from the accumu-
lated charge and the voltage output according to  Q-V 
Lissajous figure [8] [9]  to determinate dielectric charge, 
Qdie=Cdie*Vdie, specific energy E’=P/Q [joules/l] and the 
CDBD power supply P=2*Qdie*Venc*f.
 , where Qdie is the 
dielectric charge[coulombs], Vdie is the dielectric voltage 
[Volt], Venc is the ignition voltage[V], P is the consumed 
DBD cell power and Q is the gas flow [l] 
3. CHEMICAL KINETICS 
In the absence of O2 NO was most likely chemically re-
duced to N2 by N atoms as described by reaction 5 and 6 
of table 1. The main reactions pathways for NO removal 
were generated by electron impact dissociation of N2 (re-
action 1 y 2 table 1) Although the process consider more 
than 15 species and 50 reactions we only include in table 
1 some reactions for NO removal in order to describe the 
evolution of the excitation and ionization species produced 
in the N2-NO mixture.  
Some of these reactions are presented in table 1. (e, O, 
N, N2(X, O2, N2(A), O2(a), NO, NO2, N2O, O3, N2(D), N2(C), 
Where N2(X), N2(A), and N2(C), refers to the ground level 
molecules and the electronically excited molecules  
and   , respectively. 
(a) represents the electronically excited state.  .
The reaction rates collected from literature and the respec-
tive references are given in table 1. We assumed an initial 
electron density which is a most typical value in 
DBD processes.
Table 1 Main chemical reactions process NO removal in DBD cell.
Reacciòn Ref
1 e+N2→ e + N2(A) 10
2 e +N2 → e + N + N 10
3 e +O2 → e + O2(a) 10
4 e +O2 → e + O + O 10
5 N + NO → N2 + O 11
6 N + NO2 → N2 + O2 11
7 NO + NO2 → N+O+NO 11
8 N + NO2 → N2 + O + O 11
9 N + NO2 → N2O + O 11
10 N + NO2 → NO + NO 11
11 O + NO2 → NO + O2 11
12 O + O3 → O2 + O2 11
13 NO + O3 → O2 + NO2 11
14 N + O + N2 → NO + N2 11
15 N+O+O2→NO+O2 11
16 O + O2 + N2 → O3 + N2 11
17 O + NO + N2 → NO2 + N2 11
18 O + NO + O2 → NO2 + O2 11
19 O + NO + NO → NO2 + NO 12
20 O + NO + NO2 → NO2 + NO2 12
21 O + NO + N2O → NO2 + N2O 12
22 N2(A) + O2 → N2 + O + O 13
23 N2(A) + O2 → N2O + O 13
24 N2(A) + O2 → N2 + O2(a) 14
25 N2(A) + N2O → N2 + N + NO 13
26 N2(A) + N2 → N2 + N2 13
27 N2(A) + NO → N2 + NO 14
28 O2(a) + O → O2 + O 15
29 O2(a) + O2 → O2 + O2 15
30 O2(a) + O3 → O2 + O2 + O 15
31 O2(a) + N → NO + O 15
32 O2(a) + N2 → O2 + N2 15
33 O2(a) + NO → O2 + NO 12
34 N2(A) + O → N(2D) + NO 12
35 N2(D) + NO → N2O 12
36 N2(D) + N2O → NO + N2 12
37 N2(A) + N2(A) → N2(C)+N2(X) 12
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Some first order ordinary differentials equation set had 
been developed using the Rosenbrock’s algorithm which 
is a trustworthy integrator for stiff differential equations 
and it has been possible to trace the temporary evolution 
of the species. Due the value of the concentrations is ini-
tially set to zero for all the species except for NO, where an 
equal 0.01N concentration is assumed along with a 0.99N 
one for N2. Here, N is the total density at the atmospheric 
pressure.
4. RESULTS AND DISCUSION
4.1 Eficiency, Power, Electrical field and Specific En-
ergy
The results of the experimental power are shown in table 
2. The discharge was carried out in the N2-NO mixture at a 
1.0 l/min flow rate and several voltages peak to peak from 
4.25 to 5.25 kV, with a fixed frequency of 1.73 kHZ practi-
cally constant. 
Figure 4.- Q-V Diagram 1 l/min, 90 ppm , 140V
Table 2: Electric characteristics
DBD cell Circular Rectangular 
Applied Voltage(V) 120 140 120 140
Vi (Ignition voltage volts) 4.25 4.13 5.25 5.0
E (Electrical
Field kV/cm) 17 16.5 21 20
P (Power supply J/s) 18.6 16.7 14.7 36.8
E’ Specific energy J/l) 0.30 0.28 0.21 0.62
Er (Reduced E td) 170 165 210 200
In figure 5, the metal-water electrodes  discharge is ob-
served during a removal of NO’x. in the circular cell A white 
area can be appreciated on the gas inlet.
Figure 5 .- Metal – water DBD plasma formed by filaments
4.2 NO Reduction
Calculations of the composition evolution as a function of 
time were made at 170, 165, 210 y 200 Td (table 2), since 
“NO” removal in function of the reduced electric field. In 
figure 6 the NO deflection is observed at the point where 
the atomic nitrogen














Circ CH 90ppm NO,120V Rect ch 90ppm,120V Circ ch 90ppm, 140V rect ch 90ppm,140V
Figure 6: Temporary variations of species
concentration grows. The NO removal is dominated by 
the reaction 8 to10 of table 1. The increment of atomic 
oxygen is also observed. The radical N is formed by the 
dissociation of molecular nitrogen.  N+NO→N2+O 
ki = 1.7x10-11 cm3/s to 300°K
At once, the atomic oxygen will contribute to the forma-
tion of NO2, following mechanisms 17 and 18 of table 1. 
Yet, this reaction will be limited by the quantity of atomic 
oxygen 
O+NO+N2→NO2+N2 ki = 6.34x10
-32 cm6/s to 300° K
O+NO+O2→NO2+O2 ki = 6.34x10-32 cm
6/s to 300° K
At higher energies, the nitrogen excited states of atoms 
and molecules begin to be important: the N2O is dimin-
ished by the reaction 36.
N(2D) + N2O → NO + N2→ + ki = 3.0x10
-12 cm3/s to 300° K 
the NO removal is increased with the reduced electric field 
We can see in table 2 the efficiency reduction on NO re-
moval al high reduced field 
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4.3.- NO Experimental Reduction
A 1.0 l/min NO + N2 gas mixture flow was fed in a DBD cell 
of parallel plates of circular and rectangular geometry and 
the voltage repetition rate was 1.75 kHZ.
The evolution of the NO removal by cold plasma applica-
tion is shown in figures 6 Since the gas analyzer registered 
the data every 6s, it was possible to follow the temporary 
evolution as closely as in figure 4 approximately for 6.0 min 
sampling in detecting the concentration change. A delay 
time is taken before begin the NO removal and after only 
few seconds an abrupt degradation is carried out For 90 
ppm 120V the NO degradation began 30s after the voltage 
is started and after 75s (1.7 min) the removal efficiency 
reach the maxim efficiency. For 140 V a higher efficiency 
was reached faster (1 min) 
Table 3. Eficiencies Denox,s
90ppm,120V, celda circular
Lect min Lec in Lec out η en %
10 1 92 42 54.35
20 2 92 2 97.83
30 3 92 1 98.91
40 4 92 1 98.91
90ppm,120V, celda Rectangular
Lect min Lec in Lec out η en %
10 1 92 80 13.04
20 2 92 0 100.00
30 3 92 0 100.00
40 4 92 0 100.00
90ppm,140V, celda circular
Lect min Lec in Lec out η en %
10 1 87 1 98.85
20 2 87 2 97.70
30 3 87 2 97.70
40 4 87 2 97.70
90ppm,140V, celda rectangular    
Lect min Lec in Lec out η en %
10 1 93 0 100.00
20 2 93 0 100.00
30 3 93 0 100.00
40 4 93 0 100.00
Table 3 presents the removal efficiency in power function 
for 1, 2, 3 and 4 min after the voltage was applied and 
after the equipment detects the first “NO” concentration 
change. These results were obtained from registered dates 
and evolution graphic of figures 4 
5. CONCLUSIONS
We have carried out these experiments using a circular 
and a rectangular DBD cell For dilute amounts of NO in N2 
the overall removal is determined by only a few reaction 
and the electrical energy is consumed in electrical impacts 
reaction with N2 mainly via reduction by the radicals N 
The N2 dissociation is function of E/N so the input electri-
cal energy is consumed in electron impact reaction with N2. 
Higher removal efficiencies were obtained in the rect-
angular geometry than in the circular geometry. This 
might be attributed to the residence time due to geometry 
of the cells and a factor related with the chemical reac-
tion mechanisms since it has been showed that at greather 
residence time the removal efficiency diminishes due the 
regeneration of NO o the production of NO by NO2 dis-
sociation. The reduction rate increase when the voltage is 
applied and it is in a very sharp form but NO2 production 
increase too so NOx,s removal efficiency decrease for lon-
ger treatment time. The efficiency in the circular cell never 
increase upper 99% otherwise decrease with the time This 
might be explained due the resident time that into de cir-
cular cell al least it is 2.0 time than into the rectangular 
because the inlet flow gases is very near the outlet flow 
gas so part of the treated gas remain more time and is 
subjected to the DBD discharge again.  
The chemical reduction allowed to determine the pres-
ence of N2O among the final compounds produced by the 
decomposition of NO2. Mass spectrometry has confirmed 
the presence of these species.
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